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PERFORMANCE OF CATALYTIC OXIDATION IN STAGE 4/5 TESTING AT MSFC

A breadboard catalytic oxidation system was delivered to the
NASA/Marshall Space Flight Center in March of 1991 for use in the ongoing
Phase III CMIF Water Recovery Tests. The system was integrated into a
Potable Water Recovery System which was assembled to evaluate the
performance of various water reclamation technologies on simulated Space
Station Freedom wastewater. The various waste streams were generated in
the End-use Equipment Facility (EEF), a clean room that houses the
equipment needed to provide the simulated wastewaters. The equipment
includes a sﬁower, laundry, microwave, urine collection device, and
exercise equipment. Makeup air provided to the EEF is missile grade air,
which has a near zero level of humidity, particulates, and organic
constituents. The missile grade air is fed to the EEF at a rate that will
maintain a carbon dioxide level in the EEF below 1.0% and minimize leakage
into the EEF from the outside. This condition ensures that the condensate
collected in the EEF is metabolic or hygiene condensate, with minimal
contamination from the EEF surroundings (1). The major components of the
multifiltration subsystem are the sterilization assembly and unibed train
(see Figure Al). A schematic of the breadboard catalytic oxidation system
is shown in Figure A2. This assembly was added as a posttreatment process
to provide the capability to meet the potable TOC specification of 500 ppb.
The integrated system was tested from 6/06/91 to 7/17/91. The wastewater
challenges include humidity condensate and hygiene water. A 5% Ru, 2.5% Pt
on activated carbon was used in‘this system (the performance of this
catalyst was described earlier.)

The humidity condensate feed supplied by the EEF initially passes

URC 80257 1
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through a 2.0 micron prefilter and the sterilization assembly, where the
sterilizer reservoir maintains a temperature of 121° C for twenty minutes,
thus achieving sterilization conditions. The unibed train consists of six
identical unibeds in series. Further information on unibeds and their
design is available in Reference 2. The breadboard catalytic oxidation
system (known as the Volatile Removal Assembly (VRA) at MSFC) receives the
effluent from the unibed train, which first passes through an iodine
sorbent bed to prevent iodine from degrading the catalyst’s performance.
The process stream is saturated with oxygen by a membrane saturator, which
receives oxygen gas at a pressure of 18-30 psig, nominally 4-8 psi below
the water pressure. The organics are oxidized in the reactor with the
reaction by-products subsequently removed in the membrane separator (carbon
dioxide) and the polishing unibed (organic acids). The membrane separator
is also used to remove excess oxygen not utilized in the reactor.

The breadboard catalytic oxidation system performed as expected during
Stage 4/5. Instrumentation and laboratory data show that the various
components functioned effectively. Questionable data was provided by an
oxygen sensor located at the effluent of the membrane saturator. However,
the performance of the assembly in terms of TOC removal indicates that the
saturator was providing adequate oxygen levels. The temperature required
in the reactor for oxidation, 125° C, (257° F) was maintained throughout
testing.

The concentration of oxygen in the effluent from the membrane degasser
was nominally less than 5 mg/1 énd never exceeded the oxygen saturation
level of 8.2 mg/1l at STP (Potable Water Quality Specification for free

gas). Since the CO, level out of the degasser was not measured, the

URC 80257 4



effectiveness of the degasser on CO, removal during this test cannot be
concluded.

The breadboard catalytic oxidation system provided effective removal
of organic contaminants not removed by the multifiltration unibed
technology. A summary of the data on significant analytes detected during
the test is provided in Table Al. The outlet data is for samples drawn
after the degasser and prior to the posttreatment bed. The major
contaminants in the feed were ethanol, methanol, and propylene glycol. The
influent TOC averaged 5180 ppb. Though these and other contaminants were
detected in the effluent on a few occasions, the TOC content of the
effluent averaged 370 ppb and was below the potable specification of 500
ppb on 20 out of 23 test days (see Figure A3). TOC characterization of the
specific organics in the effluent indicates the their reported values may
be high since the characterized TOC was higher than the measured TOC on
several days.

Additional testing was completed subsequent to the completion of the
test objectives to evaluate the compatibility of catalytic oxidation with
hygiene feed (waste shower, handwash, laundry and urine distillate) through
unibeds designed for processing a waste hygiene feed. The water quality of
the product hygiene (from tank 4) is summarized in Table A2. Approximately
37 lbs of the feed was processed through the potable catalytic oxidation
assembly over a 21 hour period. Product water samples were pulled
approximately every two hours immediately after the degasser. TOC levels
below the potable specification'were routinely met during the test (see
Figure A4), as were all other specifications upon which analysis was

performed. The data shows that the organics present in the product hygiene

URC 80257
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water (mainly ethanol, methanol, and urea) were effectively removed via
catalytic oxidation. The only specific organics detected in the effluent
were acetone (0.04 ppm) and sulfonylbismethane (0.07 ppm). Additional
testing will be necessary to determine the impact of hygiene water on the
performance due to the long-term presence of contaminants specific to the
hygiene loop (e.g., soaps).

TABLE A2. HYGIENE PRODUCT WATER QUALITY

(PRIOR TO VRA POSTTREATMENT)

TOC 3.02 mg/1 Conductivity 6.49 pmhos/cm

pH 7.6 Urea 7.18 mg/1

Ethanol 2.76 mg/1 Methanol 2.15 mg/1
REFERENCES

1 Traweek, M.S., R.M. Bagdigian, and G. Griffity, "Phase III Integrated
WaterRecovery Testing at MSFC-Partially-Closed Hygiene Loop Results
and Lessons Learned", Presented at the 21st Intersociety Conference

on Environmental Systems, San Francisco, Ca, July 1991

2 Putnam, D.F., et al, "Space Station Hygiene Water Reclamation by
Multifiltration", Presented at the 21st Intersociety Conference on

Environmental Systems, San Francisco, CA, July 1991
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I. INTRODUCTION

This manual describes the two catalytic oxidation test units
fabricated in the phase II portion of contract NAS8-38490 and
documents the design characteristics of the hardware.

The two catalytic oxidation test units (see Fig. 1 and 2) were
designed for long term performance testing with influents
containing low molecular weight, non-polar organic species
such as acetone and alcohols at flow rates up to 10 cc/min.
These organic species are poorly removed by ion-exchange
adsorption. The test units' catalytic reactors convert these
species at a temperature of 121 degrees C in the presence of
oxygen to gas (predominantly CO, which is removed by a
degasser) and other oxidized forms such as organic acids which
can be easily removed by adsorption techniques to meet potable
water standards.

The two units differ only in the pretreatment and post-
treatment of the effluent entering the catalytic oxidation
portion of the equipment (see Figs. 3 and 4). A de-iodinator
is used in both units to protect the catalyst from poisoning
by iodine. Unit 1 has only a post conditioning adsorption bed
which is designed primarily to remove $0,”", NH,*, and organic
acids, but will also remove Ca*, Na*, K, Mg*, c1',F’, NO., . Unit
2 has a preconditioning bed designed to remove primarily
ammonium ions and organic acids, but will incidentally remove
those ions enumerated for unit 1 (Configuration A) above. The
post conditioning bed for unit 2 (Configuration B) removes
primarily SO,”” and any remnant organic acids. The post
treatment beds also provide residual iodine in the output
water stream to provide an antimicrobial treatment.

ITI. TECHNICAL DESCRIPTION

1. SYSTEM CONFIGURATION

The schematic diagrams for the two test units are shown in
Figs. 3 and 4. (Note: the influent pump is external to the
system.) The influent inters the de-iodinator at a pressure of
30 psig which will prevent a phase change below 134 degrees C.
The influent flow rate is regulated by a needle valve at the
exit side of the post treatment bed. Oxygen is also supplied
to the saturator at a pressure of 30 psig through a 1/3 psi
check valve which protects the saturator tubing from a sudden
loss of oxygen pressure. A pressure gauge is provided on the
unit to read oxygen pressure accurate to about 1%. A 10 psi
relief valve will prevent the hydrostatic pressure from
exceeding the oxygen pressure by more than 10 psi. This
protects the silastic tubing in the saturator from

overpressure by venting the liquid to the gas side of the
microtubes.

URC 80283 1
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CATALYTIC OXIDATION TEST UNIT 2

Figure 2.

Rear View

b)

Front View
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The stream then passes through the tube side of the shell and
tube heat exchanger before passing on to the catalytic reactor
from which it flows back through the shell side of the heat
exchanger in the counterflow direction. This preheats the
effluent entering the reactor and cools the effluent to room
temperature before passing through a 2.0 micron filter to the
degasser. The filter prevents carbon particles from entering
the degasser. An RTD at the center of the reactor senses the
temperature of the effluent stream and acts as a control
sensor for the Watlow PID temperature controller which
provides current control to the heating element around the
reactor body. This makes it possible to control the
temperature at the center of the reactor to 121 degrees C plus
or minus about 0.2 degrees C. A mechanical over-temperature
safety switch in thermal contact with the heater opens the
heating element circuit automatically at about 138 degrees C.

A small vacuum pump draws air over the degasser microtubes to
keep a high concentration gradient across the membrane. The
degassed effluent then passes through the polishing (post
treatment) bed before exiting the system. Sampling ports (1/4
inch T-fittings) are provided at the following points,

a. Top of the reactor.
b. Before degasser.

c. After degasser.

d. Outlet

2. ACTIVE COMPONENTS
2.1 SATURATOR

The saturator provides a means of saturating the influent
stream with dissolved oxygen via a silastic membrane. The
Umpqua 70056-1 design (see Fig. 5) divides the saturator
into two major assemblies: the outer stainless steel
housing and the inner polycarbonate membrane housing. The
removable inner housing is sealed within the stainless
steel outer housing with viton O-rings providing
separation of the liquid and gas streams. The threaded
stainless steel end caps are also sealed with O-rings.The
saturator is approximately 11 inches long by 1.25 inches
in diameter.The inner housing is 3/4 inch I.D. by 10.5
inches long. This configuration allows easy replacement
of the active membrane element as well as simplifying the
construction and testing of the membrane element itself.

The membrane surface area required is a function of the
influent flow rate, the dissolved gas concentration, and
the gas vapor pressure external to the membrane
(concentration gradient). The latter is dependent on the
partial pressure of the gas across the membrane and the

URC 80283 6




Figure 5 SATURATOR OR DEGASSER SHOWING INNER HOUSING




concentration of the gas in the liquid. The silastic
microtubes which form the gas permeable membrane are
0.012 inches I.D. by 0.025 1nches 0.D. with an active
length of about 8.5 inches. Each microtube provides about
2 square centimeters of active membrane surface for the
diffusion of oxygen into the effluent. The microtubes are
formed into a bundle and epoxied at each end of the
polycarbonate inner housing. Holes near each end of the
inner housing provide for gas flow over the external
surface of the microtubes. A quantity of 160 microtubes
is adequate for the design conditions specified for the
two test units. However, the saturator design can handle
a practlcal maximum of about 600 microtubes leaving space
for air flow.

2.2 DEGASSER

. The Umpqua 70056-4 degasser construction is identical to

URC 80283

that of the saturator (see Fig. 5 also) with the
exception of the microtube material which is 0.040 cm
I.D. x 0.046 O0.D. Celgard microporous polypropylene
(hydrophobic) with approximately 500 microtubes.
Normally, only a small vacuum pump is used to remove the
CO, and other gasses such as water vapor from the
proximity of the microtubes to keep a high concentration
gradient by drawing air through a gas port. By keeping
the degasser temperature around 21 degrees C (i.e. room
temperature), the water vapor passing through the
membrane will be minimized. If the heat exchanger is
operating properly, the temperature should be around 21
degrees C. At higher temperatures the rate of water vapor
transport increases proportionally to the partial
pressure of water.

2.3 CATALYTIC REACTOR

The Umpqua 70064 reactor is constructed of 316 seamless
stainless steel tubing with a wall thickness of 0.065
inch to minimize the temperature gradient across the
wall. The threaded end caps are sealed with viton O-rings
(See Fig. 6). A temperature monitoring port is provided
to access the center of the reactor with a 1/8 inch
diameter probe. The catalyst is packed into the reactor
and retained at either end with 40 or 100 micron
stainless steel frits. There is a compre551on spring at
one end to compact the catalyst and minimize catalyst
fluidization. The spring is compressed 2 inches initially
and exerts about 22 1lbs force. The active volume of the
reactor is about 155 cc's. The reactor is plumbed to
provide plug flow of the influent so as to insure
consistent contact time in the reactor. This
configuration should also minimize channelling.

8
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Figure 6 REACTOR

(Upper) Assembled View

(Lower) Catalyst Retainers
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A 400 watt foil heater is wrapped spirally around the
outside of the reactor body securely with high
temperature adhesive and held permanently in place with
high temperature FEP shrink tubing having a maximum
working temperature of 204 degrees C. A normally closed
bi-metallic switch is located slightly above the RDT in
contact with the shrink tubing limits the temperature to
138 degrees C. This heater design provides a uniform heat
flux input to the reactor wall. The steady state
temperature gradient from the wall to the center of the
reactor is less than 1 degree C (with no voids). The
steady state temperature of the heater strip is about 129
degrees C at a flow rate of 10 cc/min when the RDT is
controlling at 121 degrees C.

The temperature at the center of the reactor can be
controlled in the steady state condition to within 0.2
degrees C at a flow rate of 10 cc/min. This is quite
good in view of the fact that the thermal system contains
a large time delay because of the lag in the transfer of
heat due to the transit time through the exchanger. The
controller can only control the heat to the heater strip;
it cannot control the heat entering the reactor from
another source (i.e. exchanger). What happens is that the
reactor and heat exchanger can "play catch" with some of
the thermal energy which can result in large temperature
oscillations in both the reactor and the exchanger
depending on design values. In this particular case the
thermal inertia of both the reactor and the heat
exchanger are high compared with the amount of heat
energy carried by the 10cc/min flow rate so that the
temperatures of both can be stabilized with the proper
single PID loop design.

The heat input to the exchanger is transferred to the
effluent entering the reactor via the shell side of the
heat exchanger and delayed by an amount,

Ty, =V, /R

where V, is the shell side heat exchanger volume and R is
the flow rate. For a shell side volume of 100 cc and a
flow rate of 10 cc/min, T, is 10 minutes which is a large
time delay for which to compensate in a control system.
In this case it is not a problem for low flow rates (e.gq.
10 cc/min) where the reactor thermal inertia is high
compared to the amount of heat entering the reactor.
However, at high flow rates (e.g. 100 cc/min) the amount
of heat energy entering the reactor from the heat
exchanger is high compared with the thermal inertia of
the system and oscillation will occur. Other techniques

10



URC 80283

would then be required to control temperature of the
reactor. Control systems with time delays are not easily
analyzed with linear control systems theory (e.g. complex
plane analysis, Bode plots, etc.) More complex systems
generally require computer modeling and simulation for
analysis. Control of the temperature at high flow rates
(above 50 cc/min) will probably require more
sophisticated techniques such as cascade control.

A temperature gradient also exists along the longitudinal
axis of the reactor stream. The effluent is heated
rapidly from an input temperature of about 105 degrees C
(depending on the efficiency of the heat exchanger due to
entrapped gas) entering the reactor to a value of 121
degrees C by the time it reaches the central area of the
reactor and continues to absorb heat until it passes out
at a temperature of 129 degrees C which is the
temperature of the heater. These values are for a flow
rate of 10 cc/min. The exact entrance and exit
temperatures will depend on flow rates and will decrease
somewhat for higher flows. A more complex design would
be required to hold the longitudinal temperature gradient
in the reactor to tighter tolerances. The present design
is considered adequate for the program.

2.4 HEAT EXCHANGER

A heat exchanger (Figure 7) is used in the system to
conserve energy and to return the influent stream to
ambient temperature before passing through the degasser.
This also significantly reduces the amount of water vapor
which passes out of the degasser. The exchanger is an
Exergy 1Inc. (of Hanson, MA) model 23-406-2.4-316
stainless steel, and measures 1 inch diameter by 15.7
inches long. It is Ni/Cr vacuum brazed tube and shell
construction with 37 tubes and 13 baffles. It provides a
heat transfer area of 1.19 square ft. The end bonnets are
sealed with viton O-rings. Operational temperature limits
are determined by the O-ring seals.

The insulation surrounding the heat exchanger (and the
reactor) is TechLite Melamine foam, a product of
Accessible Products Company of Tempe AZ. It has a high
temperature 1limit of 204 degrees C. The thermal
conductivity is about that of glass wool at room
temperature, but doubles in value at 125 degrees C.

The system is plumbed to provide plug flow through the
tube section. This is very important to the overall
efficiency of the exchanger because of the bubbles formed
due to supersaturation of gasses in the liquid stream
which tend to attach to metal surfaces in the exchanger
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Figure 7.

ENERGY HEAT EXCHANGER
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and reduce the heat transfer film coefficient. This tends
tc aid buoyancy forces in sweeping bubbles in the stream
through the exchanger and helping to prevent their build
up in the tube side of the exchanger. After passing
through the reactor, some of the dissolved oxygen is
converted to CO, , and the stream is no 1longer
supersaturated (this is pH dependent). So it is important
to plumb the output of the saturator through the tube
side of the heat exchanger. Unfortunately, the baffles
are not designed to facilitate the passage of bubbles
through the shell side.

2.5 VACUUM PUMP
A Whisper 500 aquarium air pump manufactured by Willinger

Bros. Inc. of Oakland, N.J. was modified to serve as a
vacuum pump. It is capable of providing a partial vacuum

. of about 5 inches of water maximum static head and is

URC 80283

adjustable to about 2.5 inches of water. It can draw
about 1.6 liters/min of air flow. This is sufficient to
draw enough air through the degasser shell to preclude
the buildup of diffusion gasses which would affect the
concentration gradient across the membrane.

2.6 FRAME

The unit frames are constructed of anodized aluminum
channel with 1/2 inch vertical aluminum rods to provide
a means of supporting the components in a vertical
orientation. Plastic electrical wire cable ties are used
as a convenient and inexpensive means of securing the
components to the vertical frame members. The components
can be removed from the frame by simply cutting and
discarding the plastic tie. The discarded tie is then
replaced with a new one. An instrument panel is mounted
to the upper right corner of the frame to support the
vacuum gauge, switches, and temperature controller.

2.7 ELECTRICAL

The electrical schematic is shown in Fig. 8. 115 V A.C.
power is provided to the Watlow temperature controller
and also to the heating element in the reactor. A 25 amp
solid state relay (SSR) provides a reliable means of
switching power to the reactor heater. The SSR is
switched on and off by the temperature controller based
on the algorithm determined by the PID controller
constants and the cycle time. The SSR is bolted to the
bottom side of the frame above the controller. A (HEATER)
switch is provided on the instrument panel to interrupt
the low voltage control signal to the SSR preventing the
SSR from turning on even though the controller is putting

13



JILIVYWEHIS V314133714

8 914
43LVIH aLd =
AV
a1vls aI1os
O O
o o— 4
LV3H
gE
HOLIMS o9t 2 g
ity R, . = b
"dW3L HOIH VA et £ C
ERiTE ~ SEl
o dWNd IVA 0L bt 3¢ L
Y
1Nd1No
o0\ S-0
#1 VA SIT




out an ON signal. This makes it possible to turn off the
reactor heater without changing any settings of the
controller. A 280 degree F (138 C) normally closed bi-
metal switch provides over-temperature protection. The
RTD monitors temperature to an accuracy of 0.1 degree C.
A (VAC) switch is provided on the instrument panel to
turn on/off the vacuum pump. The controller also can
provide a 0-5 v D.C. scaled output signal for continuous
monitoring of reactor temperature.

2.8 SORBENT BEDS

The purpose of the sorption beds is first to remove
iodine from the influent stream to protect the catalyst
from degradation. In one of the configurations a second
function is to remove sorbable organic and inorganic
species from the influent which increases the oxidation

. efficiency. Thirdly, it is to remove constituents whose

oxidized form is not gaseous such as SO, or are products
of incomplete breakdown such as the organic acids. The
final function of the beds is to iodinate the processed
potable water to protect it from microbiological
contamination. The beds are mounted and plumbed to
provide plug flow of the stream so that the contact time
will be predictable. The beds are housed in stainless
steel tubing with a teflon inner coating. The endcaps are
also stainless steel sealed with viton O-rings. The
design of each of the beds is covered in the technical
documents accompanying this manual.

III. OPERATION

1. ANCILLARY EQUIPMENT

The additional items required for operation of the two test
units are those associated with providing the influent stream
to the inlet port at a pressure of 30 psig. These are,

a. Influent pump.

b. Influent pressure regulator.

c. Influent pressure gauge.

d. Influent pressure damper (if not continuous pressure
pump. )

e. Influent reservoir.

f. Oxygen bottle and regulator.

g. 1/8th and 1/4th inch tubing and connectors.

h. Tygon tubing.

i. 5 gallons of startup fluid.

The only other requirement is a source of 115 v A.C. power.

URC 80283
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2. STERI ON

The test units have been sterilized to prevent internal
bacterial growth and this condition should be preserved during
startup. Proper operation of the test units will keep the
effluent sterile. The pretreatment bed on unit 2 has an
iodinator, but unit 1 has no pretreatment bed because free
iodine reacts with the condensate to change the TOC. Since the
reactor and exchanger temperatures will take care of any
organisms in solution (except perhaps special high temperature
classes), the only concern is the sterility of the 1line
between the heat exchanger outlet and the polishing bed. This
line, which includes the degasser, may be sterilized with a
few percent solution of a chlorine based bleach by
disconnecting the line at the exchanger and the polishing bed.
Chlorine based antibacterial agents should not be used on the
catalyst and therefore should not be used in the influent
stream. It may also be desirable to sterilize the pump and
other ancillary equipment used with the influent before
startup of the units in a similar manner.

3. STARTUP PROCEDURE

The following steps should be performed in sequence for
startup:

a. Connect the ancillary equipment so as to provide an
influent stream to the input port of the test unit and
oxygen to the flow valve on the side port of the
saturator. Connect Tygon or polyethylene tubing to the
outlet side of the valve at the top of the Reactor. (This
will allow monitoring the presence of gas in the
Reactor.) Connect another plastic tube to the valve
immediately downstream of the 2.0 micron filter.

b. Turn the Oxygen INLET valve to the OPEN position and
adjust the Oxygen pressure to 30 psig. Insure that the
effluent OUTLET valve is CLOSED. Open the influent INLET
valve. Turn on the influent pump and adjust the influent
pressure to 30 psig. Open the sample port valve
downstream of the filter and adjust the flow rate through
the needle valve to about 5 cc/min. Adjust the valve at
the top of the Reactor so as to constrain the flow rate
to about 5 to 10 cc/min and observe any bubbles moving
through the plastic tubing. (This is an indication of gas
trapped in the system.) Check for fluid leaks.

C. Move the HEATER switch to the OFF position and plug
the temperature controller into an 120 v AC outlet.
Insure that the controller constants are proper set (see
section d below and Appendix I.) The small red LI light
should come on indicating that the controller is trying

URC 80283 16




to apply power to the heater to raise the temperature.
The upper controller window reads reactor temperature
which should be near ambient.

d. Adjust the controller set point (lower window) to 80
degrees C by pressing the UP or DOWN ARROWS on the
faceplate. (This will keep the reactor temperature below
the boiling point until all trapped gas has been removed
from the system.)

e. Move the HEATER switch to the ON position. The
temperature displayed in the upper window should begin to
rise almost 1mmed1ate1y and should reach 80 degrees
within about 5 minutes or less depending on flow rate.

f. The influent should be allowed to flow through the
system bypassing the degasser and post beds until all gas

- is removed from the heat exchanger and reactor. Any

URC 80283

entrapped gasses in the reactor can prevent the
temperature sensor from accurately reading the stream
temperature, and it also impedes the conduction of heat
to the fluid stream. Continue to monitor the bubbles
(gas) flowing out of the Reactor. (It may require several
hours to completely rid the system of all entrapped gas
if the system has been shut down long.) When the system
appears to be gas free, go to the next step.

g. Move the valve at the top of the Reactor to the CLOSED
position to retain pressure inside the Reactor. Adjust
the temperature Set Point to 100 degrees C. When the
temperature of the reactor approaches the 100 degree
setpoint observe the temperature values in the upper
window. The values should show a 1little temperature
overshoot and then settle down to the control value
within 1 degree. (Large overshoots are usually due to too
little or no flow through the Reactor.) If the
temperature begins to decrease before reaching the Set
Point, then gas has impeded the sensing process and must
be removed. You should return to paragraph f. above.

h. If the system is successfully controlling temperature
at 100 degrees C, then increase the temperature Set Point
to 105 degrees C and again observe how the temperature
values in the upper window approach the Set Point. If the
values increase and then decrease from some maximum
before reaching the Set Point, then there is still free
gas which must be removed. This is the critical test.
Return to paragraph f if unsuccessful.

i. Once the system will hold 105 degrees C accurately, it
is an indication that all the free gas has been removed
from the system. Adjust the temperature Set Point to 121

17



degrees C. The Reactor temperature should reach the Set
Point in a few minutes and then settle down to the Set
Point value within 1 degree or better depending on flow
rate and controller constants.

j. CLOSE the sample port valve downstream of the filter
and OPEN the system effluent OUTLET valve. Adjust the
OUTLET needle valve to obtained a flow rate of 10 cc/min.
This is best done with a small graduate cylinder and a
stop watch. Note: the flow rate through the needle valve
may vary by 10 % or so over time.

k. Check for leaks and allow the system to settle down
(reach steady state) chemically. This may require
overnight operation in order to get valid readings.
Always check the flow rate before sampling and adjust
accordingly. The reactor temperature will keep the system

. sterile so long as it is running at a set point of 121.

4. TEMPERATURE CONTROL

URC 80283

The Watlow 945 temperature controller keeps the central
reactor temperature within a fraction of a degree C if
the PID constants are properly set. (Refer to Appendix I
for detailed instructions for the controller.) The
control parameters are set in by simply pressing the MODE
switch and adjusting the values or selections in the
upper window with the UP and DOWN arrows. The following
PID control parameters are correct for 10 cc/min flow
rate:

Pb = 5 (proportional gain)
rEl= 0.39 (integral rate)
rAl= 0.25 (derivative rate)
ctl= 2 (cycle time,sec.)

Some terms are not selectable, but CAL may be set to 0
and AUT (Auto tune) to 0 if not tuning. Make sure that
the above control parameters are properly set into the
controller before startup. The PID constants may change
slightly for different conditions. To use the auto-tune
feature of the controller, set AUT to 3 after reaching
steady state conditions. It may be necessary to use auto-
tune more than once to "home into" the best PID parameter
values. A cycle time (ctl) of a few seconds allows close
control and the SSR provides essentially unlimited relay
life. Changes in the tuning parameters should only be

necessary, if the flow rate deviates by more than 20%
from 10 cc/min.

18




. mﬂ'?Emsrﬂ“‘mnmmwﬁw‘ | "‘l o

The Setup menu is reached by simultaneously pressing the
UP and DOWN arrow keys for 3 seconds. The following is a
list of values for the Setup parameters:

IoC - 0

In - rtd
vsP - off
C-F - C

rL = -73.3 *
YrH = 200.0 *
Otl - ht
Hysl= 0.2

RL2 - Pr
LAt2-~ nLR
Hys4= 0.2

rtd - din

* denotes values determined by sensor selection.
ROCEDURE

The test units should be shut down in such a way as to
maintain sterility and prevent a change of phase in the
reactor. The following sequential steps should be taken:

a. Turn the outlet valve to the OFF position. This will
stop influent flow and maintain system pressure at 30
psig.

b. Move the HEATER switch to the OFF position and monitor
the decrease in reactor temperature.

c. When the reactor temperature drops below 80 degrees C,
turn off the influent pump and turn the unit INLET valve
to the OFF position. Turn the oxygen inlet valve to the
OFF position also.

d. Continue to monitor the reactor temperature to insure
that it is decreasing. When the temperature reaches 60
degrees C, you may remove the electrical power. The
system is now shutdown and may be stored. To reactivate
following the procedure in paragraph 3 above.

6. OPERATIONAL PROBLEM ANALYSIS

URC 80283

The following is a partial list of problem symptoms and
possible causes.

a. Influent flow

Inlet or outlet valve closed
Needle valve needs adjustment

19
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Blocked filter

Empty influent reservoir
Low pump pressure

Gas pockets in reactor

b. Temperature out-of-limit

Incorrect or no flow rate
Incorrect PID constants

Gas pockets in reactor

Low system pressure
Malfunctioning temperature sensor

c. High TOC

Too high a flow rate

Reactor temperature too low

Insufficient oxygen or saturator not functioning
properly

Catalyst poisoned

Depletion of post treatment bed.

Change in flow displacing catalytic adsorbed

organic species. (Stable readings require at least

12 hours after large changes in challenge solution)

d. High TIC

Degasser not functioning properly
Pretreatment bed depleted

Too high pH

Vacuum pump not functioning properly

DESIGN REQUIREMENTS FOR SPACE ENVIRONMENT

The test units are not designed for a space environment. No
consideration has been given to weight, power, or micro
gravity. In addition, a flight test model would have to be
properly scaled to handle a given effluent flow rate which may
have an effect on design parameters. The unibeds, saturator,
and degasser designs can be easily adapted to space
conditions. However, the questions involving channelling in
the Reactor and unibeds remain unanswered. If the reactor does
not employ electrical heating, then thermal design changes
will be required.

The design of the heat exchanger is of particular importance
for micro gravity where buoyancy forces are no longer present.
Once the fluid stream passes through the saturator and is
heated, it must be considered to be supersaturated with gasses
(primarily 0,, CO,, and diluent gasser). Buoyancy forces can
no longer be utilized to help sweep the bubbles through the
system or insure plug flow. The bubbles tend to attached

URC 80283 20
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themselves to surfaces and inhibit heat transfer. Spring
loading the catalyst should help to 1limit channeling and
fluidization as the catalyst is depleted. A tube and shell
type heat exchanger will not work efficiently in this kind of
environment. A design that allows the bubbles to be swept
through the system will work best. Adequate cooling of the
effluent prior to the degasser is important to prevent the
loss of too much water vapor.
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APPENDIX I

WATLOW 945 TEMPERATURE CONTROLLER

USER'S MANUAL
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Miniature Shell & Tube Heat Exchangers

Ni/Cr VACUUM BRAZED JOINTS
for corrosion resi_stance

SEAMLESS
SHELL

PRECISION BAFFLES
for minimum clearances

~

PRECISION MACHINED COMPONENTS

RELIEVED FITTINGS
for free flow

WITH VITON® O-RING SEALS
other elastomers optional

SMALL DIAMETER THIN-WALLED TUBES

closely packed for maximum effectiveness

DESIGN FEATURES
» 316 low carbon stainless steel construc-
tion for optimum corrosion resistance.

» Compact geometry for maximum
thermal effectiveness.

> Design pressures of 1000 to 1200 psig.

Custom designs canreach higher pressures.

> Removable bonnets with O-ring seals for
easy tube side cleaning. Custom fittings
‘are also &vailable.

OPERATING LIMITATIONS

TEMPERATURE RANGE WITH VITON® SEALS:
She'l Side -70°F to 455°F {-60°C to 235°C)
Tube Side -15°F to 400°F (-25°C to 205°C)

OVERALL TEMPERATURE RANGE

WITH OPTIONAL SEALS:
Shell Side -125°F to 56565°F (-90°C to 290°C)
Tube Side -70°F to 500°F (-60°C to 260°C)

MAXIMUM MEAN TEMPERATURE DIFFERENCE
FROM SHELL SIDE FLUID TO TUBE SIDE FLUID:

Consult factory if your application exceeds this limit. 150°F (8 5 OC)

SHELL SIDE AND TUBE SIDE DESIGN PRESSURE:
23 mm Diameter 1200 PSi (8300 kPa) .
35 mm Diameter

HYDROSTATIC TEST PRESSURE
3000 PSI (20 800 kPa)

Maximum aflowabie steam pressure is 125 psig.
Pressure ratings are maximum for non-shock service.

REMOVABLE BONNETS O

1000 PSI (6900 kPa(\_/E




_Product Information

23 mm DIAMETER HEAT EXCHANGERS - ke -
4! I;

. . .. - % - 18 NPY xi{:z?v,cn FLATS
Dimensions in: inches (millimeters) \ |1

#1.09 (28)~ %J_L } fo5 ~

vowwr b ey 6 4
ST a——

B 0y

! L ", (24) WRENCH FLATS t_si0002s

TRANSFER AREA | TUBE LENGTH A “g” BAFFLE WEIGHT SHELL VOLUME | TUBE VOLUME
MODEL NUMBER* e (m?) in (mm) in (mm) in (mm) COUNT Ibs (kg) in3 (cc) in? (cc)
23-203-2.4-316 0.58 0.055| 7.70 (196} 9.75 (248) 6.81 (175) 9 0.9 (0.40) | 3.1 { 51) 1.8 {30)
23-305-2.4-316 0.88 0.083 | 11.70 (297 | 13.75 (349) | 10.81 (276) 11 1.2 {0.50} | 4.6 { 75} 25 (41)
23-406-2.4-316 1.19  0.111 [ 15.70 * (399} | 17.75 (451) | 14.81 (378) 13 1.5 (0.60) | 6.2 (102} 3.2 {52)
All 23 mm sizes have 37 tubes of .094 in. (2.4 mm) OD by .0075 in. {0.19 mm) wall. Bonnet seals are 3-910 size O-rings. (3”‘> ( $ »)
35 mm DIAMETER HEAT EXCHANGERS T e *' f'w”
Dimensions in: inches (millimeters) 4 ; |
@ _ : N
% - 14NPT an ¥ B w -
R‘j l.n.:n (35 L fs‘;? .'* 8 ﬁ“,‘
4\ ] A i
) G —t ‘
T - - ] - - 1 -
." —f:— 1% (35) WRENCH FLAT L #1.50(38)
TRANSFER AREA| TUBE LENGTH “A” “g" BAFFLE WEIGHT SHELL VOLUME | TUBE VOLUME
MODEL NUMBER* f2 (m?) in (mm) in (mm) in (mm) COUNT lbs (kg) in? (cc) in? (cc)
35-254-3.2-316 143 0.133 | 954 (242) | 12.28 (312} 8.16 (207) 7 2.7 (1.2) 8.3 (136} 58 ( 95)
35-381-3.2-316 218  0.203 | 14.54 (269) | 17.28 (439) | 13.16 (334) 9 34 (1.5) 123 (200) 8.1 {133)
35-508-3.2-316 293  0.272 | 19.54 (496) | 22.28 (566) | 18.16 (461) 1" 4.1 (1.9} 16.2  (265) [ 10.5 (172)

All 35 mm sizes have 55 tubes of .125 in. {3.2mm) OD by .010 in. (.25 mm) watl. Bonnet seals are 2-217 size O-rings.

*Model numbers are the dimensions in millimeters of:
Shell ID — Tube Length — Tube OD — Material

Maximum Pressure vs. Temperature

Typical Pressure Loss for Water Shell Side or Tube Side
1300 T D:C T ’?0 2?0 9000
20 Umin 10 20 20 0 50 PSI kPa
~ 2 ""l“ Sizes // { / as m'ln Sizes / l;;; 1200 23 mm Sizes
16 / ' ‘ /] / 4 8000
/ -

Shell Side ﬂ
3
12
1000 35 mm Sizes \ - 7000

e f/ /// uvesiad . \\ \\
]

N
N

-~ 4 )u/ \ 6000
7—‘”—3: 25
— 1] \
0 2 4 6 8 10 12 GPM 14
\ 5000
- 700
-100°F 0 100 200 300 400 500°F

TEMPERATURE



Ordering Information

AAS

When ordering piease inciude the Model Numbers shown on the previous page.

@ Bonnet Seals: We have the following seals in stock:

Fluoroelastomer (Viton®) standard

Perfluoroelastomer (Kalrez®) (extra cost)

Nitrile (Buna N)
Ethylene Propylene Rubber

Please specify which material you require.

B Connections: Seal nuts are available for the NPT connections. Non-standard bonnet and
shell side fittings can be provided for otherwise standard heat exchangers.

B Custom Design: Exergy can design and build custom components and systems tailored
to your specific needs and operating environment.

B Application Assistance: Please call us for application assistance. We will help you select
the heat exchanger best suited to your needs. An application data sheet is included below

to help you gather data.

Application Data Sheet

FLUID 1 FLUID 2

Fluid Type

Heat Transferred

Flow Rate

Temperature In

Temperature Out

Pressure In

B Mounting Brackets: Optional stainless steel mounting brackets are available. l

FLUID 1 FLUID 2 ,\)
Allowable AP (\

Phase Change?

Density

Viscosity

Thermal Conductivity l

Specific Heat

E XERGY[]

EXERGY INCORPORATED

PO. Box 209 - Hanson, Massachusetts 02341
Tel: (617) 294-8838 - Fax: 617-294-8144
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APPENDIX IX

EXERGY HEAT EXCHANGER DATA
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Technlcal Assistance

Informational notes alert you to important details. When
you see a note icon, look for an explanation in the margin.
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Safety Information

Boldface safety information protects both you and your
equipment. Please be attentive to them. Here are

explanations:

The WARNING symbol in the wide text column alerts you
to a "WARNING," a safety hazard which could affect you

and the equipment. A full explanation is in the narrow ‘
column on the outside of the page.

The CAUTION symbol in the wide text column alerts vou to
2 "CAUTION," a safety or functional hazard which cc Jid
affect your equipment or its performance. A full explana-
tion is in the narrow column on the outside of the page.

2 WATLOW Series 945 User's Manual

if you encounter a problem with your Watlow Control,
review all of your configuration information to verify that
your selections are consistent with your application...
Inputs, Outputs, Alarms, Limits, etc. If the problem persists
after checking the above, you can get technical assistance
by dialing:  1-507-454-5300

An Application Engineer will discuss your problem with you.
Please have the foliowing information available:

» Complete model number « Serial Number

* All configuration information « User's Manual

The model and serial numbers can be found on the outside
of the case.

Your Feedback

Your comments or suggestions on this manual are wel-
come, please send them to: Technical Writer, Watlow
Controls, 1241 Bundy Blvd., Winona, MN 55987, or phone
507/454-5300. The Watlow Series 945 User's Manual and
integral software are copyrighted by Watlow Winona, Inc.,
© 1989, with all rights reserved.

blr0591

How to Use the Manual




Chapter 1

The Watlow Series 945,
A Microprocessor-Based Control

Singie Input -
Type d, K, T,N,R, S, B, Cor Pi2 Dual Outputs -

Thermocouple, RTD or Process PID or ON/OFF, User Selectable

Output 1 -
Heat or Cool

Output 2 -

Heat, Cool or None
Remote Set
Point input -
0-5VDC or 4-20mA

Figure 1 -
Series 945 Input and
Output Overview

Output 1 or 2 §
Auto-tuning Parcent Power j
RS-422A, RS423A (RS-232C .- (Heat only) i
compatible), or EIA-485 =

I}
Optional Computer Interface ‘ |

General Description

Welcome to the Watlow Series 945, a 1/4 DIN microprocessor-based temperature (
control. It has a single input, remote set point input, dual output, and dual alarm. ?
The 945 is an auto-tuning control when Output 1 is in the heat mode, and features s ;
Automatic/Manual capability with bumpless transfer. In the Auto mode, the 945 has '
closed loop control with sensory feedback, while the Manual mode has open loop ‘
control with user defined output power level. The 945 accepts a variety of thermo-

couples, as shown above, along with RTD, or process input. The primary output is .
heat or cool, while the secondary output can be heat, cool or none. An optional {
retransmit output is offered in place of one of the alarms. Selectable as retransmit
of set point or process variable. Units with communications feature data logging
with user selectable table, chart or SPC (Statistical Process Control) printout of data.

With the Series 945 you can select either PID or ON/OFF for Output 1 or 2. input a ?
complete set of PID parameters for both outputs, including proportional band, reset/ ;
integral and rate/derivative. By setting either output's proportional band to zero, the
Series 945 becomes a simple ON/OFF control with the switching differential select-
able under the HYS (hysteresis) parameter in the Setup menu.

PN —

Operator-friendly features include automatic LED indicators to aid in monitoring and
setup, as well as a calibration offset at the front panel. The Watlow Series 945
automatically stores all information in a non-volatile memory.

Getting Started, Chapter 1 WATLOW Series 945 User's Manual 3 J




Chapter 2

How to Install and Wire the Series 945

1. Make a panel cutout per the dimensions given below. Your panel thickness can
be from 0.06" to 0.25" (1.52 to €.35 mm).

3.62" to 3.65" sq.
(9210 92.25 mm) 0.92° 6.0"
i * r @mm = {¢— j55nm —>
Figure 2 - T
Series 945 gj{:}t A
Panel Cutout and 3.8"sq. " >
Unit Dimensions Sq ; 3.6 £0.015

3.63" X 3.63" (87 mm) (90 mm + 0.381)

(92.08 X 92.08 mm) o q ¢ oqHf
L i

2. Remove the 945 from its case by turning the front panel screw 90° counterclock-
wise (CCW). Grip the bezel firmly and pull the control out of the case.

Figure 3 -
How to Open the
Serles 945.

A CAUTION:

The front panel
screw turns 90°
only. Do not apply

excessive force or 3. Place the case in the cutout you just made. Attach the two mounting brackets,
turn the screw more

than 90° shipped with your unit, either to the top and bottom, or to both sides of the unit.
AR Tighten the brackets securely against your panel.

/ Panel

Mounting Bracket
Figure 4 -

Mounting the m |

Serles 945 Case.

4. Insert the control cliassis into its case and press the bezel to seat it. Turn the
front panel screw 80° clockwise (CW) to lock the control in place.

4 WATLOW Series 945 User's Manual o Install and Wire, Chapter 2
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How to Wire the Series 945

The Series 945 wiring is illustrated by model number option. Check the terminal
designation sticker on the control and compare your model number to those

shown here and also the model number breakdown on the inside back cover of this
manual.

Series 945 internal circuits appear "inside” the line drawing of the 945, while
connections and terminal designations appear "outside” the line drawing. All

outputs are referenced to a de-energized state. The final wiring figure is a typical
system example.

When you apply power without a sensor input on the terminal strip, the Series 945
displays "- - - -"in the upper display, and "0" in the lower display. Press AUTO/
MAN twice, and ER 7 Is displayed for one second. This error indicates an open
sensor or A/D error. Remove power to the control and connect the sensor properly,
see Page 6. All wiring and fusing must conform to the National Electric Code and
to any locally applicable codes as well.

11 L1
12 L2
13 Earth Ground

120 VAC

&

L1

L2
Earth Ground

240 VAC

Sensor Installation Guidelines

We suggest you mount the sensor at a location in your process or system where it

reads an average temperature. Choose a point that will adequately represent the
process temperature without being overly reactive.

For thermocouple Inputs: Use an isolated or ungrounded thermocouple if an
external 4-20mA output device with a non-isolated circuit common is connected.
Extension wire must be of the same alloy as the thermocouple itself to limit errors.

For RTD Inputs: There could be a + 2°F input error for every 1Q of lead length
resistance when using a 2 wire RTD. That resistance, when added to the RTD
element resistance, will result in erroneous input to the instrument. To overcome this
problem, use a three wire RTD sensor, which compensates for lead length resistance.
When extension wire is used for a three wire RTD, all wires must have the same
electrical resistance (i.e. same gauge, copper stranded).

For 0-5VDC or 4-20mA process inputs: Therl and rH settings scale the display to
match the measured range of the process signal. For 0-56VDC process input, the
impedance is 100KQ. For 4-20mA process input, the impedance is 249Q.

Install and Wire, Chapter 2

WATLOW Series 945 User's Manual

Figure 5 -
120 VAC Power
Wiring

Figure 6 -
240 VAC Power
Wiring

@ WARNING:

To avold potentlal
elactric shock, use
Natlonal Electric
Code (NEC) safety -
practices when
wiring and connect-
Ing thisunitto a
power source and to
electrical sensors or
peripheral devices.

5



,npUt Wmng Thermocouple Input

Figure 7 945A-1_ _ _-_000
Thermocouple 945A-2 _ _ —--.000
Input Wiring. 945A-3_ _ _-_000 .
945A-4 _ - 000 7
9
RTD, 2 or 3 Wire
Jumper #5 to #6
for zy!lr: ETD
2or 3 wire RTD 5 5
Input Wiring. 945A-3_ _ _-_000
wu-u» G“(
These input connections are aiso used in conjunction with T/C and RTD
Sensor types when using the remote set point input.
0 - 5VDC Process or Remote Set Point Input
Figure 9 - 945A -2 - _-_000
0+ 5 VDC Process
Input Wiring. 945A-3 _ _ _- 000 Input impedance: 100KQ ]
4 - 20mA Process or Remote Set Point Input
+
4-20mA process Input: 249Q.
945A-2_“__~_000 3
Figure 10 -
4-20mA Process . . A Jumper must be
Input Wiring. 945A-3_ _ _- _000 installed between
Terminal #2 and 3.
6 WATLOW Series 945 User's Manual

Install and Wire, Chapter 2
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Output 1 - Solid State Relay With Contact Suppression

945A - _ _~-_000 J,
SR External
17 N.O._® Load Sl 12
8 CO
1 M. — L1

Off state Impedance: 31MQ max. - Fuse

Output 1 - Switched DC Output (Open Collector)

945A - _-_000
Logic |
Switch

'® External
R Load

Output 1 - Mechanical Rel_ay, 6 Amp, FormC

M 945A-_D _ _-_o000

Off state Impedance: 20KQ min. Load

Output 1 - Process, 4 - 20mA

945A-_F _ - 000

i i 17
a Iocﬁ e External
18 - Load

Load impedance: 600Q max.
Install and Wire, Chapter 2

Output 1 Wiring

Figure 11 -

Solid State Relay
With Contact
Suppression

Figure 12 -
Switched DC
{Open Collector)

ﬁ NOTE:

Minimum load
resistance is 5000,
Avallable current is
22mA maximum.
Typlcal voltage drop
across a 1KQQ load Is
12 to 19 volts.

Figure 13 -
6 Amp Mechanical
Relay

J‘ NOTE:

This output is
supplied with an arc
suppression snubber
across the output
terminais. High
impedance loads may
remain energized
even though the
output device is
turned OFF.

Figure 14 -
Process, 4-20mA

WATLOW Series 945 User's Manual 7
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OUtpUt 182 Wmng Output 1 - Process, 0 - 5VDC

945A-_H_ _- 000
Figure 15 -
Process, 0 - 5VDC 17
+ S External
- — 18 . Load

Load impedance: 10KQ min.

Figure 16 -

Solid State Relay Output 1 - Solid State Relay Without Contact Suppression
Without Contact

Suppression

945A-_K _
External
7 NO | gloadg | |,
18 COM. D— L1
Off state impedance: 31MQ max. Fuse

Figure 17 -

Solid State Relay 0utput 2 - Solid State Relay With Contact Suppression
With Contact

Suppression

J’ A 945A-_ _B_- _o000 °

NOTE: A

This output is supplied 0.
with an arc suppression \ L
snubber across the
output terminals. High 1@ o+ L2
Impedance loads may External
remain energized even Load
though the output dev